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Abstract
Prevalence of Cortical Bone Fenestration and Sinus Membrane Thickening in Association with
Endodontic Infection. A review of CBCT scans.
David Desta, D.D.S.
Introduction
Although a systemic disease due to the spread of endodontic infection is very rare or non-existing, the
dissemination of endodontic infection into intimately associated anatomical structures such as alveolar
bone and maxillary sinus are known (1-4). In this study we examined and reported the prevalence of
maxillary sinus involvement and cortical bone fenestration during an endodontic infection. The study
also evaluated and presented association between factors such as (type of teeth, systemic diseases,
patient’s age, and gender) and radiographic presentation of endodontic lesions (periapical radiolucent
lesion (PARL), sinus membrane thickening (SMT), bone fenestration (BF), sinus floor fenestration
(SF).
Material and Methods
This study utilized existing cone beam computed tomography (CBCT) electronic records from the
West Virginia University Department of Endodontics. We measured and recorded prevalence data for
endodontic related lesions such as periapical radiolucent lesion (PARL), sinus membrane thickening
(SMT), cortical bone fenestration (BF), and sinus floor fenestration (SF). We also report the
correlation between independent factors (type of teeth, systemic diseases, patient’s age, and patient’s
gender) and the endodontic lesions described above.
Results
Looking at the prevalence data, result reveals a 76% and a 71% prevalence in SMT and sinus
floor/root apex association (SR) respectively. There is also a 45% prevalence in PARL. When
examining correlations, the result found an increase in PARL in teeth with recurrent infection (P<0.1).
There is an increase in BF in premolar teeth with recurrent infection (P<0.1). The results also indicate
a correlation between maxillary molar teeth and an increase in sinus fenestration (SF). There is a
strong association between having root apices conjoined to the sinus floor and an increase in SMT and
SF (P<0.1). The study found a correlation between older age groups (>60-yrs) and an increase in
PARL and BF (P<0.1). Correlations between systemic disease and the presence of endodontic lesions
are not statistically significant. Similarly, the correlations between patient’s gender and the presence
of endodontic lesions are not statistically significant.
Conclusion
In conclusion, our study found a high prevalence of SMT and higher prevalence of sinus floor/root
apices in contact. There is a correlation between pmr and an increase in BF; between patients 60-yrs
and older an increase in BF (P<0.1). There is a correlation between teeth with recurrent infection and
an increase in PARL; between patients 60-yrs and older an increase in PARL (P<0.1). There is a
correlation between molar teeth and an increase in SF (P<0.1).
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Chapter I
Introduction
Endodontic infection is often associated with pain or discomfort and has been shown to reduce
patients' quality of life and, left untreated, may result in significant morbidity (5). The pathological
finding of endodontic infection is typically seen in the form of periapical lesions representing an
inflammatory reaction localized around the root apex. Among the most common of these lesions are
periapical granulomas and periapical cysts (6). The infected root canal constitutes the initial source of
persistent microbial irritation to the peri-radicular tissues (7). Direct harmful effects caused by bacteria
involve their products, such as enzymes, exotoxins, and metabolites (8). Virulence factors of the
microbial complex can influence the pathogenicity of the disease.
Although a systemic disease due to the spread of endodontic infection is very rare or nonexisting, the dissemination of endodontic infection to intimately associated anatomical structures such
as alveolar bone and the maxillary sinus is known (1-4). Periapical lesions in teeth where the root
apices are close to, or extending into, the maxillary sinuses can elicit inflammatory changes in the
mucosal lining and, subsequently cause sinusitis (9, 10). Bauer (11) showed, in a cadaver study, that
periapical inflammation could affect the sinus mucosa with or without the perforation of the cortical
bone of the sinus floor. Although it has been traditionally accepted that sinusitis of dental origin
accounts for approximately 10% to 12%, these accounts have been challenged by a recent study
showing a significantly higher prevalence of sinus involvement (12).
In the current study we examined and reported the prevalence of maxillary sinus involvement
and cortical bone fenestration during endodontic infections. This study also evaluated and presented
the association between factors such as (type of teeth, systemic diseases, patient’s age and gender) and
radiographic presentation of endodontic lesions (periapical radiolucent lesion, sinus membrane
thickening, bone fenestration, sinus floor fenestration).
Significance of the study
Reporting the prevalence of sinus membrane thickening (SMT) and alveolar bone fenestration
(BF) associated with an endodontic infection may significantly enhance the diagnosis, prognosis, and
treatment planning of such clinical presentations. Moreover, discovering factors that may contribute to
1

the exacerbation of endodontic disease and impede its healing process would bring us closer to the
effective management of the disease process.
Statement of the problem
Studies have demonstrated the association between dental infection and SMT, although its
reported prevalence has been inconsistent (13-17). On the other hand, pathologic fenestration of the
alveolar cortex, such as caused by endodontic infection, is infrequently reported in the literature (1822). Moreover, no studies provide information about possible contributing factors to the development
of SMT and BF associated with endodontic infection. Therefore, we intend to address the
shortcomings in the current literature.
Null hypothesis
Our null hypothesis states that there is no association between any of our independent factors
(type of teeth, presence of systemic disease, presence of sinus floor/root apex conjunction, patient’s
age and gender) and the prevalence of endodontic lesions (PARL, SMT, and BF, and SF).
Assumptions
1. Lesions from CBCT images are representative of actual lesions from the patients.
2. One investigator will be consistent in reading and analyzing the CBCT images.
Limitations
1. CBCT images can not totally represent patients
2. It is a retrospective study, performed only on CBCT images and patient medical records.
Therefore, it was not possible to extend the physical examination or the interview.
3. CBCT image quality differs between patients
Delimitations
1. All CBCT images with scatters and distortions were excluded.
2. CBCT images were read and analyzed by the same investigator to ensure consistency.
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Chapter II
Review of literature
The paranasal sinuses are air-filled cavities that develop from the facial bones of the skull. This
includes four paired sinuses: maxillary, ethmoid, sphenoid, and frontal. The maxillary sinus is the first
sinus to develop in utero. It is lined with a thin respiratory mucous membrane that firmly adheres to
the periosteum, also known as the Schneiderian membrane (23-25). The maxillary sinus presents at
birth and continues to grow from birth to 3 years of age and demonstrates maturation around 12 years
of age (23-25).
Sinus pathology of dental origin is closely related to the spatial relationship of the posterior
maxillary teeth, mainly molars and premolars, with the maxillary sinus (9). The pathological extension
of dental disease into the maxillary sinus is well documented in the dental and medical literature and
was first referred to by Bauer in 1943 as maxillary sinusitis of dental origin (11). In the position
statement of the American Association of Endodontists 2018, it was stated that the terms odontogenic
sinusitis, odontogenic rhinosinusitis and odontogenic maxillary sinusitis could be used synonymously
to describe maxillary sinusitis of dental origin (26).
Studies show sinus membrane involvement resulting from dental infection with a wide range of
incidence. Abrahams et al. have reported that infections of maxillary posterior teeth show maxillary
sinus pathology in 60% of the cases. In comparison, Mattila et al. found sinus mucosal hyperplasia
present in approximately 80% of teeth with periapical osteitis (10, 27). Obayashi et al. found maxillary
sinus mucosal changes in 71.3% of patients with infections originating in the maxillary canines,
premolars, and molars (12).
Maxillary sinus mucosal thickening is a defensive reaction of the maxillary sinus to the
inflammatory process, which results in hypertrophy of the epithelial cells (28). This is commonly
reported as sinus membrane thickening (SMT). Healthy maxillary sinus mucosa may not be visible on
radiographs, and its thickness does not exceed 2 mm (12). Mucosal thickening greater than 2 mm is
considered pathological and is the most common sign of maxillary sinusitis visible on the radiograph
(29). The dental conditions that lead to SMT and sinus pathology are apical periodontitis, incorrect or
incomplete root canal treatments, severe periodontal disease, oroantral fistulas, extractions, and dental
implants. (28, 30).
Odontogenic sinusitis becomes chronic if the dental cause is not removed, which can occur due
to misdiagnosis of the problem. Therefore, dentists must be aware of this condition's clinical and
3

radiologic/tomographic features to diagnose and manage this infection. It is important to distinguish
etiologies of maxillary sinusitis originating from endodontic infection and other dental-related
pathologies, as they each require different clinical treatments. It is also accepted that symptoms of
maxillary sinusitis can mimic the pain of dental origin, and a careful differential diagnosis is thus
essential when dealing with pain in the maxillary posterior area (31).
Most endodontic infections encounter the apical alveolar bone proper as the infectious content
spill through the apical foramen. Hence, the anatomy of cortical bone is of great clinical importance
because it confines the dentoalveolar lesion. However, as endodontic lesions are left untreated and
become chronic, the defending cortical bone gets destroyed (32). Alveolar bone fenestration describes
a localized defect of the cortical bone plate that exposes the root surface, usually the apical or the
medium third, and does not involve the alveolar margin (33). This phenomenon can develop from
physiological or pathological processes. Cortical bone fenestrations have been associated with several
risk factors, including past traumatic injuries, periodontal disease, buccally inclined roots, occlusal
trauma, orthodontic treatment, and endodontic infections (34-36, 18,19).
The prevalence of cortical bone fenestration has been studied using dry human skulls with an
overall prevalence by tooth type ranging from 1% to 17% with variations between ethnic groups (35,
36). In general, the epidemiological results reported from cadaver studies may not be a realistic
representation of the prevalence of fenestration defects diagnosed clinically. Using CBCT, Pan et al.
(37) reported that Chinese subpopulation’s prevalence of fenestrations was 3.4%.
When associated with endodontic diseases, such as apical periodontitis, alveolar bone
fenestrations may result from pathological processes, including peri-radicular inflammation and
resorption of the bony cortical plate (34, 20). Patients presenting with apical fenestrations associated
with endodontic infections may experience signs and symptoms such as pain on percussion/palpation,
the presence of drainage, and noticeable gingival defects (21, 22). Patients can also be asymptomatic.
Therefore, if an endodontic pathology and apical fenestration occur concurrently, timely diagnosis and
appropriate management are significant to a successful treatment.
The potential of developing alveolar bone fenestrations must be considered when planning and
performing oral surgery procedures, as their presence may complicate the outcome during the healing
process (38). Further examination may be necessary by using a cone-beam computed tomography
(CBCT) scan. CBCT scans produce a three-dimensional rendering of pertinent anatomical structures in
axial, sagittal, and coronal planes. CBCT delivers exceptional diagnostic accuracy in examining teeth,
cortical bone, and maxillary sinus morphology (39, 40). In addition, limited view CBCT provides
reduced radiation dose and lower examination cost than traditional CT (41).
4

Chapter III
Materials and Methods
This study was conducted with the approval of the Institutional Review Board of West Virginia
University (protocol 2202522115). Limited field CBCT electronic records were collected from the
Department of Endodontics, School of Dentistry, from January 2020 to March 2022. These CBCT
scans were taken to diagnose and treatment plan patients who presented clinical symptoms of
endodontic origin.
CBCT images fulfilling the following criteria were included: patients who received endodontic
treatment for 1st and 2nd premolars, 1st and 2nd molars, and patients who were recommended to have an
endodontic treatment on any of the above teeth. All other CBCT records showing scatters from
artifacts, showing distortion due to patients’ movement during the scan, and images that are corrupt
and difficult to retrieve from the server were excluded.
Matching records of patients’ gender, age, and their systemic disease (diabetes, hypertension,
cancer, bone disease, and kidney disease) were collected from the electronic record of the patient’s
chart. Data were entered into excel files. This data was sent to our affiliate (West Virginia Clinical and
Translational Science Institute) for statistical analysis.
Study Design
Independent factors in the study:
1. Presence or absence of systemic disease
2. Type of teeth (premolars presenting with initial (pmI) or recurrent (pmr) infections; molars
presenting with initial (molI), or recurrent (molr) infections)
3. Presence or absence of sinus floor/root apex conjunction (SR). This is when root apices are in
contact with the sinus floor.
4. Patient’s age group (40 years and younger, between 40-60 years, 60 years and older)
5. Patient’s gender (Male, Female)
Dependent factors in the study:
1. Periapical radiolucent lesion (PARL)
2. Sinus membrane thickening (SMT)
5

3. Cortical bone fenestration (BF)
4. Sinus floor fenestration (SF)
CBCT images:
All limited field of view CBCT scans were acquired using a Kodak CS 8100 3D CBCT machine
(Carestream Dental, Atlanta, GA) with an exposure of 90 kV, 5 mA, 15 seconds, and a voxel size of 75
µm.
119 CBCT scans were evaluated retrospectively for the presence of a periapical radiolucent lesion
(PARL), sinus membrane thickening (SMT), cortical bone fenestration (BF), and sinus floor
fenestration (SF).
Assessment of PARL
The presence of PARL was evaluated for each tooth with the aid of a sagittal, axial, and coronal view
of the CBCT scan. A normal PDL thickness can range between 0.15 to 3.8mm (42, 43). A study by
Leung CC et al. (44) found it difficult to accurately measure below 0.6mm in a CBCT scan. Therefore,
in the current study, PARL is considered present when the PDL is wider than 0.6mm. A measurement
of 0.6mm or greater were recorded using the software’s measurement tools. Data were entered into
Excel files. This data was sent to our affiliate (West Virginia Clinical and Translational Science
Institute) for statistical analysis.
Assessment of sinus membrane thickening.
SMT was assessed for each tooth with the aid of a sagittal, axial, and coronal view of the CBCT scan.
Mucosal thickening 2-mm or more is considered a significant disease process (29) and was recorded
for each tooth. Data were stored and analyzed as above.
Assessment of bone fenestration
Bone fenestration can occur on the buccal, palatal, or sinus floor, and it is a "through and through"
bony defect. It is assessed for each tooth in the sagittal, axial, and coronal view of the CBCT scan. Its
presence or absence is recorded. Data were stored and analyzed as above.
Determining prevalence
The presence of PARL, SMT, BF, SF, and SR are assessed and tabulated in percentile to demonstrate
6

their distributions and prevalence in the data. Data were stored and analyzed as above.
Determining associations:
1. Presence or absence of systemic disease and their correlation to these conditions (PARL, SMT,
BF, and SF).
2. Teeth categories and their correlations to these lesions (PARL, SMT, BF, or SF)
3. Presence or absence of sinus floor/root apex conjunction and their correlation to these
conditions (PARL, SMT, BF, and SF).
4. Patient’s age group and association to these conditions (PARL, SMT, BF, and SF).
5. Patient’s gender and association to these conditions (PARL, SMT, BF, and SF).
Statistical analysis
To investigate and quantify the association between predictors of interest and outcomes of interest, a
series of logistic regression analyses was conducted. All statistical analyses were performed using R
4.2.1 (R Core Team, Vienna Austria), and the “rms” (Version 6.3-0) package.

7

Chapter IV
Results
119 limited view CBCT images were reviewed and analyzed. The data represent 46 males and 73
females. The patient’s age ranged from 19 to 80 years old; the mean age was 44.3 years. The
distributions of the sample data are listed in Table 1
Prevalence of endodontic lesions
The prevalence of radiographic findings for periapical radiolucent lesions (PARL), sinus membrane
thickening (SMT), bone fenestration (BF), sinus floor fenestration (SF), and sinus floor/root apex
conjunction (SR) were examined and are depicted in Fig 2. According to the results, there is a 76%
prevalence of sinus membrane thickening (SMT) during endodontic infection. There is also a high
prevalence of sinus floor/root apex association (71%). The rest of the data are as follows: PARL
(45%), BF (31%), and SF (31%).
Correlation between teeth categories and endodontic lesions
The current study examined the type of teeth diagnosed for endodontic infection and whether or not
they have different radiographic presentations. The result indicates some differences between teeth
categories as outlined below and also depicted in Fig 3.
•

Periapical radiolucent lesion (PARL):
There is a 50% higher prevalence of PARL in premolars with recurrent infection than in
premolars with initial infection (P<0.1).
There is a 60% or more prevalence of PARL in molars with recurrent infection than in molars
with initial infection (P<0.1).

•

Sinus membrane thickening (SMT):
A small increase in the prevalence of SMT is seen in the premolar group with recurrent
infection and all molar categories (P>0.1).
Another small increase in the prevalence of SMT is seen in both molars with initial and
recurrent infection (P>0.1).

•

Bone fenestration (BF):
8

There is a more than a 50% increase in the prevalence of cortical bone fenestration in the
premolars with recurrent infection compared to all other teeth categories (P<0.1).
•

Sinus floor fenestration (SF):
There is a more than 65% increase in the prevalence of sinus floor fenestration in both molar
teeth with initial and recurrent infections compared to all premolar teeth (P<0.1).

Association between systemic disease and endodontic lesions
The current study examined the presence of systemic disease and its correlation to the prevalence of
endodontic lesions. The result is shown below and in Fig 4.
•

Periapical radiolucent lesion (PARL):
There is no noticeable increase in the prevalence of PARL in the presence of systemic disease

•

Sinus membrane thickening (SMT):
There is no noticeable increase in the prevalence of SMT in the presence of systemic disease

•

Bone fenestration (BF):
There is a more than a 50% increase in the prevalence of bone fenestration (BF) in the presence
of systemic disease (P>0.1). No statistical significance

•

Sinus floor fenestration (SF):
There is no noticeable increase in the prevalence of SF in the presence of systemic disease

Association between the presence of sinus floor/root apex conjunction and endodontic lesions of
PARL, SMT, BF, and SF. Results are outlined below and in Fig 5.
•

Periapical radiolucent lesion (PARL):
There is no noticeable increase in the prevalence of PARL when the root apices of maxillary
teeth are associated with the sinus floor

•

Sinus membrane thickening (SMT):
There is a more than a 75% increase in the prevalence of SMT when the root apices of
maxillary teeth are associated with the sinus floor (P<0.1).

•

Bone fenestration (BF):
There is no noticeable increase in the prevalence of BF when the root apices of maxillary teeth
are associated with the sinus floor
9

•

Sinus floor fenestration (SF):
There is a more than a 90% increase in the prevalence of SF when the root apices of maxillary
teeth are associated with the sinus floor (P<0.1).

Association between patient’s age group and endodontic lesions of PARL, SMT, BF, and SF
Results are outlined below and in Fig 6.
•

Periapical radiolucent lesion (PARL):
There is a 35% increase in the prevalence of PARL in the age group of 60 and older (P<0.1).

•

Sinus membrane thickening (SMT):
There is no noticeable increase in the prevalence of SMT when age groups are compared.

•

Bone fenestration (BF):
There is a 40% increase in the prevalence of BF in the age group of 60 and older (P<0.1).

•

Sinus floor fenestration (SF):
There is no noticeable increase in the prevalence of SF when age groups are compared

Association between patient’s gender and endodontic lesions of PARL, SMT, BF, and SF
Results are described below and in Fig 7.
•

Periapical radiolucent lesion (PARL):
There is no noticeable increase in the prevalence of PARL when comparing the two groups

•

Sinus membrane thickening (SMT):
There is no noticeable increase in the prevalence of SMT when comparing the two groups

•

Bone fenestration (BF):
There is a 35% increase in the prevalence of BF in the female group (P>0.1). Statistically not
significant.

•

Sinus floor fenestration (SF):
There is a 35% increase in the prevalence of SF in the male group (P>0.1). Statistically not
significant.
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Table 1. Raw and percentile sample distributions. Premolars requiring initial endodontic treatment
(pmI) or retreatment (pmr); molars requiring initial endodontic treatment (molI) or retreatment (molr);
the presence of systemic disease (syst).

Total samples

119

Percentile

Male

46

39%

Female

73

61%

<40 years old

58

49%

40-60 years old

34

29%

>60 years old

27

23%

Presence of syst disease

41

34%

pmI

24

20%

pmr

8

7%

molI

73

61%

molr

14

12%

11

A)

C)

B)

D)

Fig 1. Sagittal and coronal CBCT images showing the analysis of sinus membrane thickening (A, B),
buccal bone fenestration (C), and sinus floor fenestration (D).
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Percent prevalence

100%

% of teeth

80%
60%
40%
20%
0%

PARL

SMT

bf

sf

sr

Radiographic findings

Fig 2. Prevalence of radiographic lesions during endodontic infection. Periapical radiolucent lesion
(PARL), Sinus membrane thickening (SMT), cortical bone fenestration (BF), sinus floor fenestration
(SF), sinus floor/root apex association (SR).
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pmI

pmr

molI

Molr

100%

% of teeth

80%
60%
40%
20%
0%

PARL

SMT

bf

sf

Radiographic findings

Fig 3. Teeth categories and their correlation with endodontic lesions. Periapical radiolucent lesion
(PARL), sinus membrane thickening (SMT), bone fenestration (BF), and sinus floor fenestration (SF).
Premolars with initial (pmI) or recurrent (pmr) infection, molars with initial (molI) or recurrent (molr)
infection.
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Syst pos

Syst neg

100%

% of teeth

80%
60%
40%
20%
0%

PARL

SMT

bf

sf

Radiographic findings
Fig 4. Systemic disease and radiographic presentations of teeth with endodontic infection. Periapical
radiolucent lesion (PARL), sinus membrane thickening (SMT), cortical bone fenestration (BF), and
sinus floor fenestration (SF). Presence and absence of systemic disease (Syst pos) and (Syst neg)
respectively.
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sr pos

% of teeth

100%

sr neg

80%
60%
40%
20%
0%

PARL

SMT
bf
Radiographic findings

sf

Fig 5. Sinus floor/root apex association and their relation to radiographic findings during endodontic
infection. Periapical radiolucent lesion (PARL), sinus membrane thickening (SMT), cortical bone
fenestration (BF), and sinus floor fenestration (SF). Presence and absence of sinus floor/root apex
association (SR pos) and (SR neg) respectively.
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<40

40-60

>60

% of teeth

100%
80%
60%
40%
20%
0%

PARL

SMT

bf

sf

Radiographic findings
Fig 6. Association of patient’s age and the radiographic findings during endodontic infection.
Periapical radiolucent (PARL), Sinus membrane thickening (SMT), cortical bone fenestration (BF),
and sinus floor fenestration (SF).
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Male

Female

100%

% of teeth

80%
60%
40%
20%
0%

PARL

SMT

bf

sf

Radiographic finding
Fig 7. Association between patient’s gender and the radiographic findings of endodontic infection.
Periapical radiolucent lesion (PARL), Sinus membrane thickening (SMT), cortical bone fenestration
(BF), and sinus floor fenestration (SF).
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Discussion
Several studies have demonstrated the association between dental infection and SMT although
its reported prevalence has been inconsistent (13-17). On the other hand, pathologic fenestration of the
alveolar cortex, such as caused by endodontic infection, is infrequently reported in the literature (1822). Moreover, no studies provide information about possible contributing factors to the outcome of
SMT and BF in association with endodontic infection.
The current study was designed partly to examine the prevalence of sinus membrane thickening
and alveolar fenestration during endodontic infections of maxillary posterior teeth. We believe that
endodontic infection is unique because it will persist in the root canal system and finds an easy route to
the periapical region and eventually the sinus floor. The current study found a 76% prevalence of
SMT. This contrasts with other studies showing a lower incidence (13-17). The difference between our
study and others can be attributed to the study design. Other studies have looked at the prevalence of
SMT during all dental diseases as opposed to our study, which looked at SMT during endodontic
infection only. Another factor contributing to this difference is that older studies did not use 3D
radiography. Our study used a more accurate CBCT scan capable of detecting more lesions than 2D
radiography (45-47).
The results obtained in this study also agree with the established knowledge that the root apices
of maxillary posterior teeth are intimately associated with the sinus floor. Our study shows a 71%
prevalence of posterior teeth in contact with the sinus floor. The current study also examined the
prevalence of periapical radiolucent lesions (PARL), buccal fenestration (BF), and sinus floor
fenestration (SF). They are 45%, 31%, and 31%, respectively. Based on our extensive literature review
these prevalence data are not reported elsewhere and demonstrate that a periapical lesion of maxillary
premolars and molars can equally produce a fenestration to the sinus floor as well as to the buccal
bone.
Another critical factor to consider during endodontic infection is whether or not other
contributing factors could influence the outcome of the radiographic lesions. In the current study, we
examined the correlation between systemic disease, the position of root apices, the patient’s age,
gender, type of teeth, and the radiographic outcome of endodontic infection such as a periapical
radiolucent lesion (PARL), sinus membrane thickening (SMT), cortical bone fenestration (BF), and
sinus floor fenestration (SF). We examined the correlation between the presentation of endodontic
lesions (PARL, BF, SF) and patients who presented with systemic disease. Our result indicates a 50%
increase in buccal bone fenestration (BF) in the CBCT scans of patients with systemic diseases. This
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correlation, however, is not statistically significant (P>0.1). All other lesions have no or little changes
in the presence of systemic diseases.
Our study categorized teeth types into premolars with initial (pmI) or recurrent (pmr) infection,
and molars with initial (molI) or recurrent (molr) infection. These teeth types and their association with
endodontic lesions (PARL, BF, SF) were examined. This study found a significantly higher prevalence
of periapical radiolucent lesion (PARL) in premolars with recurrent infection (pmr). This result can be
part explained by the anatomical and spatial differences between premolars and molars. Having a
persistent and recurrent disease in the premolars probably tipped the balance. We believe this finding
is important and relevant to understanding the mechanism of endodontic infection and its effect on
different parts of the dental anatomy.
The current study also categorized CBCT data into groups of patients’ ages. The three groups
are patients who are 40-yrs and younger (<40), patients who are between 40 and 60-yrs (40-60), and
patients who are 60-yrs and older (>60). Examining the correlation between age groups and the
expression of endodontic lesions on the radiograph, our study found an increased prevalence of
periapical radiolucent lesion (PARL) and buccal bone fenestration (BF) in the group of patients who
are 60 and older. These findings are statistically significant (P<0.1). This result may be related to the
data where we see an increase in bone fenestration in patients with systemic disease. From our
experience, many patients who are 60 and older also have systemic diseases.
The current study also examined the association between patients’ gender and the prevalence of
endodontic lesions (PARL, BF, SF). Results reveal an increase in buccal bone fenestration in females.
Instead, males have a higher sinus floor fenestration (SF) prevalence. There is no statistical
significance (P>0.1).
Finally, our data evaluated the association between having root apices that are conjoined with
the sinus floor (SR) and the radiographic presentation of endodontic lesions (SMT, SF). The result
showed an increase in SMT and SF when root apices are in relation to the sinus floor (SR) (P<0.1).
The increase in sinus floor fenestration (SF) is also apparent in molar teeth instead of premolar ones.
This finding complements the result we demonstrated earlier showing a higher prevalence of molar
teeth apices in close proximity to the sinus floor. In addition, this result agrees with the study
published by Lechien JR and colleagues (48) showing a higher prevalence of molar teeth in close
proximity to the sinus floor.
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Chapter V
Conclusions
This study confirms there is an apparent high prevalence of sinus membrane thickening during
maxillary teeth infection with other studies. The result of this study shows as high as 76% prevalence
in SMT during endodontic infection of the maxillary posterior teeth. It also corroborates the
established knowledge that the root apices of maxillary posterior teeth can be intimately associated
with the sinus floor. Our study shows this to be as high as 71%.
This study also examined a possible correlation between factors such as systemic disease, root
apex position, patient’s age, gender, type of teeth, and the radiographic outcome of endodontic
infection such as a periapical radiolucent lesion (PARL), sinus membrane thickening (SMT), cortical
bone fenestration (BF), and sinus floor fenestration (SF). It can be concluded from this study that
cortical bone fenestration is enhanced by the presence of recurrent infection in premolar teeth and, to
some extent, by older age. This trend is similar in females but with no statistical significance. The
occurrence of the periapical radiolucent lesion (PARL) is greatly affected by the presence of recurrent
infection in both premolar and molar teeth and older age. Sinus membrane thickening (SMT) and sinus
floor fenestration (SF) increased dramatically when the teeth apex showed association with the sinus
floor. The increase in sinus floor fenestration (SF) is also apparent in the molar teeth as opposed to the
premolar group. This finding complements the result that shows a higher prevalence of molar root
apices associated with the sinus floor.
Odontogenic sinusitis becomes chronic if the dental cause is not removed. Dentists and
physicians must be aware of this condition's clinical and radiologic/tomographic features to correctly
diagnose and manage this infection. It is important to distinguish etiologies of maxillary sinusitis
originating from endodontic infection and other dental-related pathologies, as they each require
different clinical treatments. It is also accepted that symptoms of maxillary sinusitis can mimic the
pain of dental origin, and a careful differential diagnosis is thus essential when dealing with pain in the
maxillary posterior area (31). A cooperative relationship between endodontists and otolaryngologists is
imperative for diagnosing endodontic origin and distinguishing it from primary sinusitis. Endodontists
should keep the sino-nasal disease in mind when diagnosing and treating sinusitis of endodontic origin.
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